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BIOSENSORS UTILIZING DENDRIMER-IMMOBILIZED 
LIGANDS AND THEIR USE THEREOF 

This application claims the benefit of provisional application 60/442270, filed January 
23, 2003. 

BACKGROUND OF THE INVENTION 

In the wake of the September 1 1 , 2001 terrorist attack on the World Trade Center and the 
Pentagon, and the subsequent contamination of postal centers and other public buildings by 
anthrax spores and weapons grade anthrax aerosols, with associated deaths of postal workers and 
a recipient of a cross-contaminated letter, has underlined our relative lack of rapid and effective 
detection protocols for both military and civilian populations. Furthermore, while it is possible 
to respond to a terrorist attack involving one known pathogen, such as anthrax, it is chilling to 
envision the potential chaos that might result from the simultaneous exposure of large segments 
of the general population to a multiplicity of pathogens, whether air-borne, water-borne or food- 
borne. 

At the current time, there are no simple recognition systems that are particularly well 
suited to the simultaneous detection of multiple pathogenic agents. Nor are there rapid, reliable 
methods to identify the presence of these agents in the field, particularly for use by first 
responders (police, fire-fighters, paramedics, etc.). The current four-tier laboratory response 



network, designed to react to bioterrorism threats, proved woefully slow and cumbersome during 
the recent anthrax dispersion and hoax testing. For example, the first two tiers alone require at 
least 48 hours for identification of suspect pathogens. In addition, tiers three and four require 
even more sophisticated testing than tiers one and two, testing that must occur at more advanced 
centers, such as the Center for Disease Control and Prevention (CDC) and the US Army Medical 
Research Institute for Infectious Diseases (USAMRID). What is needed is a system that can be 
employed at the point of attack, operated by relatively untrained personnel (nonscientists), and 
that rapidly identifies a variety of bioterrorism agents. A recent report of from NIH-NIAID 
(NIAID Biodefense Research Agenda for CDC Category A Agents, Feb. 2002, National Institutes 
of Health) has identified a number of pathogens that are ideal bioterrorism agents, for example, 
tularemia, botulinum toxin, Yersinia pestus (plague), and smallpox. Notably, none of these 
agents are specifically detectable with currently existing detection systems. 

Currently there are a wide variety of assays and sensors for the detection of the presence 
and/or concentration of specific substances in fluids and gases. Many of these assays and 
sensors rely on specific ligand/anti-ligand reactions as the mechanism of detection. In such 
methods, pairs of substances (i.e. the binding pairs or ligand/anti-ligands) are known to bind to 
each other, while binding little or not at all to other substances. For example, antibodies and 
their cognate antigens make up such a binding pair. Other ligand/anti-ligand binding pairs 
include complementary nucleic acids as well as the non-covalent interaction occurring between 
molecules such as biotin and streptavidin. 

Detection of complexes comprising a ligand/anti-ligand binding pair is generally 
accomplished by labeling one component of the complex in some way, so as to make the entire 
complex detectable. For example, one component may be labeled with radioisotopes, 
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fluorescent or other optically active molecules, enzymes, or virtually any other detectable 
moiety. In addition, other techniques are known that rely on the use of atomic force microscopy 
(AFM), surface plasmon resonance (SPR) or quartz crystal microbalance (QCM) systems as the 
means of detection. 

An effective biosensor employing any of the described detection methods requires a 
robust flexible bioactive signal transduction system, such as one based on the attachment of 
specific antibodies or DNA probes to a biosensor surface. The instant invention provides 
multivalent dendrimer tether molecules with the capability of anchoring antibodies, or other 
binding moieties, to the surface of a biosensor, thus creating such a robust detection system. 
Furthermore, dendrimers, a class of monodisperse macromolecules with the advantage of 
multiple functionality, offer a number of synthetic design advantages that allow the attachment 
of binding moieties to a variety of surfaces to form effective biosensors ( Dendrimers and Other 
Dendritic Polymers , J. M. J. Frechet and D. A. Tomalia, Eds., John Wiley & Sons, Ltd., 
Chichester, 2001; G. R. Newkome, C. N. Moorefield and F. Vogtle, Dendrimers and Dendons: 
Concepts, Syntheses and Applications ", Wiley- VCH, Weinheim, 2001; A. W. Bosman, H. M. 
Janssen and E. W. Meijer, "About Dendrimers: Structure, Physical Properties and Applications, 
Chem. Rev. 1999, 99, 1665-1688; O. A. Matthews, A. N. Shipway and J. Fraser Stoddart, 
"Dendrimers-Branching Out From Curiosities Into New Technologies", Prog. Polym. Sci. 1998, 
23, 1-56. These new bioterrorism pathogen detectors are particularly well suited for use in AFM, 
as well as in SPR and QCM detector systems. 
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SUMMARY OF THE INVENTION 

In accordance with the objects outlined above, the present invention provides 
compositions comprising a terminal dendrimer comprising at least two attachment moieties as 
part of a linker comprising at least one hydrophilic polymer and at least one rigidity component, 
as well as a functional moiety. 

In another aspect the linker comprises a second hydrophilic polymer. 

In a further aspect, the hydrophilic polymer comprises a polyethylene glycol polymer. 

In another aspect, the linker comprises two polyethylene glycol polymer portion 
separated by a rigid rod portion. 

In a further aspect, the invention comprises a method for formation of a binding 
composition, characterized by first providing a composition comprising a terminal dendrimer 
comprising at least two attachment moieties as part of a linker comprising at least one 
hydrophilic polymer and at least one rigidity component; as well as a functional moiety and 
attaching a binding moiety to the functional moiety. 

In another aspect, the binding moiety of the method of forming a binding composition is 
a polypeptide. 

In a further aspect, the binding moiety is an antibody or an antibody fragment. 

In another aspect, the antibody or antibody fragment is recombinant. 

In a further aspect, the antibody or recombinant antibody fragment is glycosylated. 
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In another aspect, the instant invention provides a biosensor comprising a substrate 
comprising a bound binding composition, where the bound composition comprises a terminal 
dendrimer attached to the substrate by at least two attachment moieties, a linker that comprises at 
least a first hydrophilic polymer and a rigidity component as well as a binding moiety. 

In a further aspect, the substrate is selected from the group consisting of metals, carbon, 
glass, fiinctionalized glass, plastics, silica or silica-based materials, or cellulose. 

In an additional aspect, the first hydrophilic polymer comprises a polyethylene glycol 
polymer. 

In a further aspect, the linker comprises two polyethylene glycol polymer portions 
separated by a rigid rod portion. 

In another aspect, the binding moiety is specific for a pathogen. 

In a further aspect, the pathogen is a bacteria or a virus. 

In an additional aspect the bacteria is selected from the group consisting of: Bacillus, 
Vibrio, e.g. V. cholerae; Escherichia, e.g. Enterotoxigenic E. coli, Shigella, e.g. S. dysenteriae; 
Salmonella, e.g. S. typhi; Mycobacterium e.g. M. tuberculosis, M. leprae; Clostridium, e.g. C. 
botulinum, C. tetani, C. difficile, C.perfringens; Cornyebacterium, e.g. C. diphtheriae; 
Streptococcus, S. pyogenes, S. pneumoniae; Staphylococcus, e.g. S. aureus; Haemophilus, e.g. 
H. influenzae; Neisseria, e.g. N. meningitidis, N. gonorrhoeae; Yersinia, e.g. G. lambliaY. pestis, 
Pseudomonas, e.g. P. aeruginosa, P. putida; Chlamydia, e.g. C. trachomatis; Bordetella, e.g. B. 
pertussis; and Treponema, e.g. T. palladium. 
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In an additional aspect the virus is selected from the group consisting of: 
orthomyxoviruses, (e.g. influenza virus), paramyxoviruses (e.g respiratory syncytial virus, 
mumps virus, measles virus), adenoviruses, rhinoviruses, coronaviruses, reoviruses, togaviruses 
(e.g. rubella virus), parvoviruses, poxviruses (e.g. variola virus, vaccinia virus), enteroviruses 
(e.g. poliovirus, coxsackievirus), hepatitis viruses (including A, B and C), herpesviruses (e.g. 
Herpes simplex virus, varicella-zoster virus, cytomegalovirus, Epstein-Barr virus), rotaviruses, 
Norwalk viruses, hantavirus, arenavirus, rhabdovirus (e.g. rabies virus), retroviruses (including 
HIV, HTLV-I and -II), papovaviruses (e.g. papillomavirus), polyomaviruses, and picornaviruses. 

In an additional aspect, the instant invention provides a method of attaching a first 
compound to a second compound by glycosylation of the first compound with a promiscuous O- 
linked-glycosyltransferase, followed by oxidation of the glycosylation to produce a aldehyde- 
derivitized first compound and reacting the aldehyde-derivitized first compound with a 
hydrazide-derivitized second compound to attach the first compound to the second compound. 

In a further aspect, the binding domain of the first compound is a binding moiety and the 
second compound is a linker. 

In another aspect, the glycosylation does not decrease the binding of the binding moiety 
to its cognate. 

In a further aspect, the instant invention provides a method of detecting a pathogen using 
a biosensor, wherein the biosensor comprises: a terminal dendrimer attached to said substrate by 
at least two attachment moieties, a linker comprising, at least a first hydrophilic polymer, a 
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rigidity component; and a binding moiety wherein the binding moiety specifically interacts with 
a target analyte in a detectable manner. 

In an addition aspect, the instant invention provides a method of atomic force microscopy 
employing a composition comprising a terminal dendrimer comprising at least two attachment 
moieties as part of a linker comprising at least one hydrophilic polymer and at least one rigidity 
component, as well as a functional moiety. 

In an addition aspect, the instant invention provides a method of surface plasmon 
resonance employing a composition comprising a terminal dendrimer comprising at least two 
attachment moieties as part of a linker comprising at least one hydrophilic polymer and at least 
one rigidity component, as well as a functional moiety. 

In an addition aspect, the instant invention provides a method of quartz crystal 
microbalance detection employing a composition comprising a terminal dendrimer comprising at 
least two attachment moieties as part of a linker comprising at least one hydrophilic polymer and 
at least one rigidity component, as well as a functional moiety. 

DESCRIPTION OF THE DRAWINGS 

Figure 1. This figure depicts a recombinant antibody is directly conjugated to a branched 
dendron tether that incorporates multiple thiol (SH) groups for attachment to a gold surface of 
surface plasmon resonance detector. 

Figure 2. This figure depicts a Afunctional dendritic tether showing variable regions. 
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Figures 3A and 3B. These figure depicts the synthesis of a dendritic tether. 

Figure 4. This figure depicts a methodology of adding an aldehyde to an antibody. 

Figure 5, This figure depicts the synthesis of higher-order dendritic tethers. 

Figure 6. This figure depicts a number of schematics of compositions of the invention. Figure A 
shows attachment moieties (n is an integer of at least 2, with 2, 3 and 4 being preferred) attached 
to a linker. Preferred embodiments, as outlined herein, utilize any functional group that can be 
used for attachment to a surface of a support. The linker in A can be an alkyl or aryl group, 
including but not limited to cycloalkyl, heteroalkyl, substituted cyclo- or heteroalkyl, or 
heteroaryl, including substituted aryl and heteroalkyl, and including multi-ring structures. The 
functional moiety is for use for attachment to a binding moiety. B depicts a composition of 
attachment linkers attached to a ring structure (either cycloalkyl, aryl or multi-ring structures 
comprising these rings) attached to a hydrophilic polymer (m is an integer of 0 or 1). 
"Hydrophilic polymer" in this instance is preferably a polyethylene glycol or derivative, with 
glycols being particularly preferred. The hydrophilic polymer is attached to a rigidity moiety, 
which confers rigidity. Rigidity in this context can mean moieties that confer a steric restriction, 
either in degrees of freedom at any particular bond or as fimction of a geometric angle (e.g. 
holding the two ends at an angle of 1 80 degrees, 45 degrees, etc.). Figure C is similar with the 
substitution of a binding moiety for the functional moiety, which may be true for any of the 
structures outlined herein. Figure D shows attachment moieties attached to different rings of a 
multiring structure such as a biphenyl group, etc. The linker in this embodiment may also 
include hydrophilic polymers and rigidity moieties. Figures E and F depict dendrimeric 
compositions with one rigidity moiety and one hydrophilic moiety. 
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Figure 7. This figure depicts a variety of suitable rigidity moieties. Suitable R substitutions are 
described herein. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to methods and compositions useful as biosensors that 
specifically interact with various pathogens and other target analytes. The biosensor itself, 
comprises functionalized dendritic tethers derivatized for attachment to a variety of surfaces as 
self-assembled monolayers (SAMs) as well as attached binding moieties (sometimes referred to 
as capture binding ligands). The specificity of the biosensor is provided by the attachment of the 
target-specific binding moiety to the derivitized dendritic tethers. The use of these dendritic 
tethers allows the formation of robust thin film biosensors that can be employed in a variety of 
detection systems, including but not limited to, AFM or as part of a SPR or QCM detection 
system. Dendrimers incorporating binding moieties specific to individual or multiple pathogens 
can also be formulated for incorporation into chromatographic or microarray ensembles. 
Accordingly, the present invention provides compositions comprising supports comprising 
surfaces to which the binding moieties (e.g. antibodies) are attached for the detection of target 
analytes (e.g. pathogens) as well as methods and compositions relating to the attachment of such 
binding moieties. 

Accordingly, the present invention provides compositions and methods for detecting the 
presence or absence of target analytes, such as the pathogens described above, in a sample. As 
will be appreciated by those in the art, the sample solution may comprise any number of things, 
including, but not limited to, bodily fluids (including, but not limited to, blood, urine, serum, 
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lymph, saliva, anal and vaginal secretions, perspiration and semen, of virtually any organism, 
with mammalian samples being preferred and human samples being particularly preferred); 
environmental samples (including, but not limited to, air, agricultural, water and soil samples); 
biological warfare agent samples; research samples; and raw samples (bacteria, virus, genomic 
DNA, etc.; As will be appreciated by those in the art, virtually any experimental manipulation 
may have been done on the sample. 

Thus the present invention is directed to methods and compositions for the detection of 
target analytes in test samples. By "target analyte 1 ' or "analyte" or grammatical equivalents 
herein is meant any molecule, compound or particle to be detected. As outlined below, target 
analytes preferably bind to binding ligands, as is more fully described below. As will be 
appreciated by those in the art, a large number of analytes may be detected using the present 
methods; basically, any target analyte for which a binding ligand, described below, may be made 
may be detected using the methods of the invention. 

Suitable analytes include organic and inorganic molecules, including biomolecules. In a 
preferred embodiment, the analyte may be an environmental pollutant (including pesticides, 
insecticides, toxins, etc.); a chemical (including solvents, polymers, organic materials, etc.); 
therapeutic molecules (including therapeutic and abused drugs, antibiotics, etc.); biomolecules 
(including hormones, cytokines, proteins, lipids, carbohydrates, cellular membrane antigens and 
receptors (neural, hormonal, nutrient, and cell surface receptors) or their ligands, etc); whole 
cells (including procaryotic (such as pathogenic bacteria) and eukaryotic cells, including 
mammalian tumor cells); viruses (including retroviruses, herpesviruses, adenoviruses, 
lentiviruses, etc.); and spores; etc. Particularly preferred analytes are environmental pollutants; 



10 



nucleic acids; proteins (including enzymes, antibodies, antigens, growth factors, cytokines, etc); 
therapeutic and abused drugs; cells; and viruses. 

In a preferred embodiment, the target analytes are not nucleic acids. 

Of particular relevance to the biosensor compositions and methods of the instant 
invention are a variety of pathogens outlined in a the recent report by NIH-NIAID cited above. 
Each the cited pathogens could be employed as bioterror weapons against military and civilian 
targets. These potential bioterror agents include: Bacillus anthracis (anthrax) toxin, Yersinia 
pesius (plague), botulinum toxin, tularemia (Francisella tularensis) and smallpox virus. 

In addition to the pathogens specifically outlined as potential bioterror agents, the instant 
technology may also be employed to detect both common and uncommon bacterial, viral and 
parasitic food-borne and water-borne pathogens, as defined by the Center for Disease Control 
and Prevention (P. S. Mead, L. Slutskeer, V. Dietz, L. McCaig, J. S. Breese, C. Shapiro, P. M. 
Griffin and R. V. Tauxe, "Food-Related Illness and Death in the United States", Emerging 
Infectious Diseases, 1999, 5, 607-625), including but not limited to, Campylobacter spp., 
Clostridium perfringens, Escherichia coli 0157:H7, E. coli, non-0157 STEC, E. coli, 
enterotoxigenic, E. coli, other diarrhenogenic, Listeria monocytogenes, SalmonellaTyphi, 
Salmonella, nontyphoidal, Shigella spp., Staphylococcus aureus and its toxin, Streptococcus sp, 
Vibrio cholerae, toxigenic, Vibrio, other, Yersinia enterocolitica, Cryptosporidium parvum, 
Cyclospora cayetanensis, Giardia lamblia, Toxoplasma gondii, Trichinella spiralis, Norwalk-like 
viruses, Rptavirus, Astrovirus, and Hepatitus A. 

Furthermore, the technology of the instant invention is capable of detecting 
bioengineered pathogens. Such detection only requires that a specific binding moiety for the 



11 



bioengineered pathogen be isolated and immobilized on a dendritic tethers as a SAM for use in 
AFM or in an SPR or QCM detector. For example, an antibody specific to a particular 
bioengineered pathogen could be generated, using methods well known in the art, and attached to 
the derivitized dendritic tethers of the instant invention and used for the detection of that 
pathogen. 

In addition to the pathogens described above, many other viruses that may be detected 
using the biosensors of the instant invention. Such viruses include, but are not limited to, 
orthomyxoviruses, (e.g. influenza virus), paramyxoviruses (e.g respiratory syncytial virus, 
mumps virus, measles virus), adenoviruses, rhinoviruses, coronaviruses, reoviruses, togaviruses 
(e.g. rubella virus), parvoviruses, poxviruses (e.g. variola virus, vaccinia virus), enteroviruses 
(e.g. poliovirus, coxsackievirus), hepatitis viruses (including A, B and C), herpesviruses (e.g. 
Herpes simplex virus, varicella-zoster virus, cytomegalovirus, Epstein-Barr virus), rotaviruses, 
Norwalk viruses, hantavirus, arenavirus, rhabdovirus (e.g. rabies virus), retroviruses (including 
HIV, HTLV-I and -II), papovaviruses (e.g. papillomavirus), polyomaviruses, and picornaviruses, 
and the like. Examples of the wide variety of pathogenic and non-pathogenic prokaryotes 
amenable to detection by the instant invention are, Bacillus, Vibrio, e.g. V. cholerae; 
Escherichia, e.g. Enterotoxigenic E. coli, Shigella, e.g. S. dysenteriae; Salmonella, e.g. S. typhi; 
Mycobacterium e.g. M. tuberculosis, M. leprae; Clostridium, e.g. C. botulinum, C. tetani, C. 
difficile, C.perfringens; Cornyebacterium, e.g. C. diphtheriae; Streptococcus, S. pyogenes, S. 
pneumoniae; Staphylococcus, e.g. S. aureus; Haemophilus, e.g. H. influenzae; Neisseria, e.g. N. 
meningitidis, N. gonorrhoeae; Yersinia, e.g. G. lambliaY. pestis, Pseudomonas, e.g. P. 
aeruginosa, P. putida; Chlamydia, e.g. C. trachomatis; Bordetella, e.g. B. pertussis; Treponema, 
e.g. T. palladium; and the like. 



12 



The compositions of the present invention comprise dendritic tethers, that is, a dendridic 
structure useful for attachment of the binding ligands to the surface. These dendrimers are 
highly branched, monodisperse macromolecules that exhibit repeating structure radiating from a 
well-defined core structure. The dendrimers have unique properties of well-ordered structures, 
enhanced solubility and processibility, and the capability of having well-defined and controlled 
functionality, particularly at the dendrimer periphery. Their use in a wide variety of applications, 
ranging from photonics to medicine, has been well documented. However, their potential for use 
as heterobifunctional S AMs for use in AFM or such detector instrumentation as SPR and QCM 
systems has not been exploited. In the present invention, dendritic tethers with at least three 
"arms" (e.g. two for attachment to the surface and one for the binding moiety either directly or 
through a linker) are preferred, although additional "arms" can also be used. 

The dendrimeric compositions of the present invention general comprise three 
components: a terminal dendrimer, used ultimately to attach to a surface using at least two 
attachment moieties; a linker, optionally comprising at least one hydrophilic polymeric section 
and a rigidity component; and a functional moiety used for attachment of a binding moiety 
(sometimes referred to herein as a "binding moiety" or a "capture moiety"). 

In a preferred embodiment, the rigidity of the dendritic tethers of the instant invention 
can be controlled. Thus, in a preferred embodiment, the dendritic tethers comprise monodisperse 
macromolecules containing flexible linear, rigid-rod and dendritic segments which offer unique 
design capabilities that allow position of a variety of binding moieties through multivalent 
attachment functionalities while controlling the ultimate flexibility of the tether. These types of 
constructs are preferably functionalized at one terminus for attachment to an AFM tip, or other 
detection system. Similarly, the other terminus is preferably functionalized for covalent coupling 
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of binding moieties, e.g. proteins, peptides, or organic small molecules, and such binding 
moieties may be varied independently of one another and be connected to each other through 
spaces with varying degrees of rigidity. A general example of such moieties is depicted in the 
Figures. 

In a preferred embodiment, the dendritic tethers comprise at least one hydrophilic 
polymeric section. In a particularly preferred embodiment, the hydrophilic polymeric section is 
comprised of polyethylene glycol (PEG) with glycol polymers being preferred. Insertion of such 
PEG polymers is particularly preferred as they are known in the art to inhibit non-specific 
binding. Additionally, preferred embodiments comprise more than one hydrophilic polymeric 
section and an intervening rigid rod section. Such multiple hydrophilic polymeric sections are 
preferably PEG, however, each section need not have identical numbers of ethylene glycol units. 

In a preferred embodiment, the dendritic tethers comprise combinations of alkyl and aryl 
groups. By "alkyl group" or grammatical equivalents herein is meant a straight or branched 
chain alkyl group, with straight chain alkyl groups being preferred. If branched, it may be 
branched at one or more positions, and unless specified, at any position. The alkyl group may 
range from about 1 to about 30 carbon atoms (C1-C30), with a preferred embodiment utilizing 
from about 1 to about 20 carbon atoms (C1-C20), with about CI through about C12 to about CI 5 
being preferred, and CI to C5 being particularly preferred, although in some embodiments the 
alkyl group may be much larger. Also included within the definition of an alkyl group are 
cycloalkyl groups such as C5 and C6 rings, and heterocyclic rings with nitrogen, oxygen, sulfur 
or phosphorus. Alkyl also includes heteroalkyl, with heteroatoms of sulfur, oxygen, nitrogen, 
and silicone being preferred. Alkyl includes substituted alkyl groups. By "substituted alkyl 
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group" herein is meant an alkyl group further comprising one or more substitution moieties, as 
defined below. 

By "aryl group" or grammatical equivalents herein is meant an aromatic monocyclic or 
polycyclic hydrocarbon moiety generally containing 5 to 14 carbon atoms (although larger 
polycyclic rings structures may be made) and any carbocylic ketone or thioketone derivative 
thereof, wherein the carbon atom with the free valence is a member of an aromatic ring. Aryl 
groups include arylene groups and aromatic groups with more than two atoms removed. For the 
purposes of this application aryl includes heterocycle. "Heterocycle" or "heteroaryl" means an 
aromatic group wherein 1 to 5 of the indicated carbon atoms are replaced by a heteroatom chosen 
from nitrogen, oxygen, sulfur, phosphorus, boron and silicon wherein the atom with the free 
valence is a member of an aromatic ring, and any heterocyclic ketone and thioketone derivative 
thereof. Thus, heterocycle includes thienyl, furyl, pyrrolyl, pyrimidinyl, oxalyl, indolyl, purinyl, 
quinolyl, isoquinolyl, thiazolyl, imidozyl, etc. Substituted aryl groups are also included. 

Suitable substitution groups (sometimes depicted herein as "R" groups) include, but are 
not limited to, hydrogen, alkyl, alcohol, aromatic, amino, amido, nitro, ethers, esters, aldehydes, 
sulfonyl, silicon moieties, halogens, sulfur containing moieties, phosphorus containing moieties, 
and ethylene glycols. 

Preferably, the dendritic tethers include attachment moieties for attachment to the 
surface. As will be appreciated by those in the art, the attachment moiety will depend in part on 
the chemistry and composition of the surface. In a preferred embodiment, the surface is gold and 
the attachment moieties comprise thiols. In another preferred embodiment, the surface is an 
AFM tip and the attachment moieties comprise hydoxyls. As will be appreciated in the art, a 
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wide variety of attachment moieties can be utilized, depending on the surface to which it will be 
attached, for example, silanes, phosphonates, etc., can all be used. 

The dendritic tethers can be synthesized by standard procedures ( Dendrimers and Other 
Dendritic Polymers , J. M J. Frechet and D. A. Tomalia, Eds., John Wiley & Sons, Ltd., 
Chichester, 2001; G. R. Newkome, C. N. Moorefield and F. Vogtle, Dendrimers and Dendons: 
Concepts, Syntheses and Applications ", Wiley- VCH, Weinheim, 2001; A. W. Bosman, H. M. 
Janssen and E. W. Meijer, "About Dendrimers: Structure, Physical Properties and Applications, 
Chem. Rev. 1999, 99, 1665-1688; O. A. Matthews, A. N. Shipway and J. Fraser Stoddart, 
"Dendrimers-Branching Out From Curiosities Into New Technologies", Prog. Polym. Sci. 1998, 
23, 1-56) as illustrated in Figure 3. In this scheme, the ellipsoidal moieties represent a variety of 
linker groups, such as long chain alkyls, which serve to control the spacing of the reactive 
functionalities above the gold surface. Binding moieties such as polyclonal antibodies can be 
modified readily for attachment to dendrimers through their unique glycosylation sites. 
However, since recombinant antibodies and many monoclonal antibodies are not glycosylated, 
they must be derivatized for attachment to the dendrimer. Accordingly, a dendritic tether with 
one arm functionalized with a hydrazide moiety has been developed to overcome this obstacle. 
The hydrazide- functionalized dendrimer arm is reacted with an aldehyde functionality derived 
from a sugar conjugated to the recombinant binding moiety of interest to allow for covalent 
attachment. The opposing dendrimer arm incorporates multiple thiol (SH) groups, depending on 
dendrimer generation, for attachment, for example, to a gold SPR detector surface. A unique 
methodology for the derivatization of a recombinant binding moiety, such as an antibody, with 
the required aldehyde (CHO) group, is illustrated in Figure 4. 
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Dendron structures (generations) can be synthesized that incorporate multiple thiol (SH) 
attachment groups. When incorporated into the final dendrimer construct, the higher level 
generations containing greater numbers of thiol groups yield SAMs that are much more robust 
under flow conditions, thereby greatly increasing the lifetime of the detector devices for 
pathogen detection. The synthetic approach to these higher generations is illustrated in Figure 5. 
Thus, preferred embodiments utilize 2, 3, 4 or 5 attachment moieties, which can be the same or 
different. 

For a typical biosensor construct, the dendritic tether illustrated in Figure 2 is attached to 
a surface as a self-assembled monolayer (SAM). By "monolayer" or "self-assembled 
monolayer" or "SAM" herein is meant a relatively ordered assembly of molecules spontaneously 
chemisorbed on a surface, in which the molecules are oriented approximately parallel to each 
other and roughly perpendicular to the surface. A majority of the molecules includes a 
functional group that adheres to the surface, and a portion that interacts with neighboring 
molecules in the monolayer to form the relatively ordered array. A "mixed" monolayer 
comprises a heterogeneous monolayer, that is, where at least two different molecules make up 
the monolayer. For example, in the present invention, one SAM species can comprise the 
dendrimeric composition, and a second species can comprise an alkyl chain, or a hydrophilic 
polymer species similar to that contained in the dendrimeric composition.. Previous self- 
assembled monolayer constructs have been used in a variety of formats, primarily with single- 
stranded long-chain alkylthiols having a single attachment functionality for surface plasmon 
resonance measurements and some designed for molecular electronics applications (V. Chechik, 
R. M. Crooks and C. J. M. Stirling, "Reactions and Reactivity in Self-Assembled Monolayers", 
Adv. Mater. 2000, 72, 1 161; S. Flink, F. C. J. M. van Veggel and D. Reinhoudt, "Sensor 
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Functionalities in Self-Assembled Monolayers", Adv. Mater. 2000, 72, 1315; T. Neumann, M.- 
L. Johansson, D. Kambhampati and W. Knoll, "Surface-Plasmon Fluorescence Spectroscopy", 
Adv. Funct. Mater. 2002, 72, 575. However, monodisperse multi-arm dendrimers with multiple 
attachment functionalities can provide greatly enhanced structural stability in SAMs. Previous 
work by other groups have described SAMs on gold consisting of pre-formed fouth generation 
poly(amido-amine) (PAMAM) dendrimers having terminal groups functionalized with thiol 
groups by addition of mercaptodecanoic acid. Such SAMs have distinct disadvantages because 
they consist of commercial dendrimers that are not mondisperse (they are mixtures). 
Consequently these dendrimers contain a varying number of terminal functionalities leading to 
the formation of irregular surfaces. In addition to being imperfect, and not readily tailorable to 
specific bioactive molecules, they must be tethered to a long alkyl chain associated with the gold 
surface. The necessary use of this long tether dictates that the active site is actually quite far 
from the gold sensory surface, leading to a viscoelastic effect on a quartz crystal microbalance 
(See Ref. 3, Section D. "The Behavior of Dendrimers on Surfaces and in Amphiphilic 
Materials", and references therein.) and to nonlinear readings on a surface plasmon resonance 
sensor. (C. Nylander, B. Liedberg and T. Lind, "Gas Detection by Means of Surface Plasmon 
Resonance", Sensors and Actuators, 1982/3, J, 79; C. Jeppesen, J. Y. Wong, T. L. Kuhl, J. N. 
Israelachvili, N. Mulach, S. Zaplipsky and C. N. Marques, "Impact of Polymer Tether Length on 
Multiple L.igand-Receptor Bond Formation", Science, 2001, 293, 265.) Jeppesen et al. have 
most recently described the impact and significance of the length and configuration of the tether 
groups on ligand-bond formation. Their detailed analysis of the implications of using flexible 
long single-chain tethers, by Monte Carlo simulations, diffusion reaction theory, and surface 
force measurements, lead to the startling conclusion that the tether groups do not usually exist in 
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the highly extended configurations necessary for efficient binding between, for example, biotin 
attached to the tether, and strepavidin (a common construct used in biosensors). While this 
dictates that the tether can stretch to attach to a target, it also points to the fact that the more rigid 
dendrimer scaffolds of the instant invention provide a faster and more effective binding scenario 
by eliminating the conformational re-ordering that is a necessary initial step with more flexible 
tethers. This analysis holds out that increased speed and sensitivity in target binding is possible 
by designing order and "rigidity" into the detecting surface as is described above with regard to 
the dendritic tethers of the instant invention. 

The biosensors of the instant invention utilize a substrate as the site of SAM formation. 
By "substrate" or "solid support" or other grammatical equivalents herein is meant any material 
that can be modified to contain the compositions of the invention, generally discrete individual 
sites appropriate for the attachment or association of the binding ligands, and is amenable to at 
least one detection method, including, but not limited to, AFM, SPR or QCM. In some 
embodiments, one of the assay components can be labeled as described herein. 

As will be appreciated by those in the art, the number of possible substrates is very large. 
Possible substrates include, but are not limited to, glass and modified or functionalized glass, 
plastics (including acrylics, polystyrene and copolymers of styrene and other materials, 
polypropylene, polyethylene, polybutylene, polyurethanes, Teflon, etc.), polysaccharides, nylon 
or nitrocellulose, resins, silica or silica-based materials including silicon and modified silicon, 
carbon, metals, particularly gold, inorganic glasses and a variety of other polymers. In addition, 
the substrate has a surface, which can comprise the same material as the support or an added 
layer, added layers, or multiple spots. For example, the support may be made of a plastic and the 
surface(s) are made of a metal such as gold. 
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In addition, so-called "green" technologies are compatible with the instant invention. For 
example, in a preferred embodiment, the substrate is comprised of cellulose processed as 
described in U.S. Patent Application 20030157351 to Swatloski, R., Rogers, R., and Holbrey, J. 
(hereby incorporated in it's entirety) or any other suitable renewable compound. Particularly 
preferred are renewable compounds processed without the use of harmful or volatile organic 
solvents. 

Generally the substrate will be flat (planar), although as will be appreciated by those in 
the art, other configurations of substrates may be used as well. 

In addition, the supports can be part of a cartridge, particularly disposable cartridges, that 
can be inserted into a detection device. Cartridges are generally made of the same materials as 
outlined for supports, although this is not required, and may include biocoatings or biopolymers 
or other additives to reduce non-specific binding of assay components to parts of the cartridge. 
In addition, the cartridge may contain any number of other assay components, including proteins, 
nucleases or nuclease inhibitors, proteases or protease inhibitors, buffers, salts, chelators, etc. 

In some embodiments, the compositions comprise an array. Such arrays may be formed 
via a large number of different methods. In a preferred embodiment, a single support or single 
surface is segregated, either physically, chemically or spatially into discrete locations (e.g. 
"cells" or "addresses" or "pads"). Alternatively, the array may be made by providing a number 
of discrete surfaces on the support; e.g. an array of gold areas or spots. In general, a support 
comprising an "array" contains at least two distinct capture ligands (e.g. antibodies), further 
defined below. As will be appreciated by those in the art, an array may comprise from two to up 
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to hundreds or thousands of discrete locations, depending on the size of the desired device, its 
utility, its compositions, etc. 

The biosensors of the present invention comprise binding moieties. By "binding 
moieties", " binding ligands" or "capture ligands" herein is meant a moiety that is attached to the 
surface using the compositions outlined herein that will bind to a target analyte, e.g. pathogenic 
bacteria. As will be appreciated by those in the art, the composition of the binding moiety will 
depend on the composition of the target analyte. Binding moieties for a wide variety of analytes 
are known or can be readily found using known techniques. For example, when the analyte is a 
protein, the binding moieties include proteins (particularly including antibodies or fragments 
thereof (FAbs, etc.)) or small molecules. 

In a preferred embodiment, the binding moiety is a protein. A variety of systems for the 
identification of protein-protein interactions are known, including the yeast two-hybrid and 
phage display systems. 

In a preferred embodiment, the binding moieties comprises an antibody. The term 
"antibody" includes antibody fragments, as are known in the art, including Fab, Fab2, single 
chain antibodies (Fv for example), chimeric antibodies, etc., either produced by the modification 
of whole antibodies or those synthesized de novo using recombinant DNA technologies. 

The antibodies may be polyclonal or monoclonal. Monoclonal antibodies are directed 
against a single antigenic site or a single determinant on an antigen. Thus monoclonal 
antibodies, in contrast to polyclonal antibodies, which are directed against multiple different 
epitopes, are very specific. Monoclonal antibodies are usually obtained from the supernatant of 
hybridoma culture (see Kohler and Milstein, Nature 256:495-7 (1975); Harlow and Lane, 
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Antibodies: A Laboratory Manual (New York: Cold Spring Harbor Laboratory Press, 1988). 
The antibodies may be naturally occurring or synthetic, and may be from any convenient 
organism, including rodents (mice and rats particularly), rabbits, goats, etc. If desired, the 
antibodies may be humanized as is well known in the art. In addition, antibodies (including Ab 
fragments) can be derivitized with additional moieties such as PEG, as is well known in the art. 

The binding moieties will specifically bind to a target. By "specifically bind" herein is 
meant that the binding moiety will bind to the target with sufficient specificity to uniquely 
identify the target in the sensor. In a preferred embodiment, the binding has a binding constant 
in the range of at least 10" 4 - 10~ 6 M'\ with a preferred range being 10" 7 - 10" 9 M" 1 . 

The method of attachment of the binding moiety to the functional moiety of the dendritic 
tether will generally be done as is known in the art, and will depend on both the composition of 
the functional moiety and the binding ligand. In general, the moieties are attached through the 
use of functional groups on each that can then be used for attachment. Preferred functional 
groups for attachment are amino groups, carboxy groups, oxo groups and thiol groups. These 
functional groups can then be attached, either directly or indirectly through the use of an 
additional linker. Linkers are well known in the art; for example, homo-or hetero-bifunctional 
linkers as are well known (see 1 994 Pierce Chemical Company catalog, technical section on 
cross-linkers, pages 155-200, incorporated herein by reference). 

Coupling of the binding moieties can be accomplished using a wide variety of methods. 
In a preferred embodiment, binding moieties such as polypeptides, antibodies or other organic 
molecules, are attached covalently to the compositions. Such covalent coupling can be effected 
via methods well known in the art. For example, the binding moiety may have an exposed 
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aldehyde moiety capable of reacting with a hydrazide of the dendritic tether. In a preferred 
embodiment the aldehyde moiety is present as the result of the oxidation of a glycoslyatioh at a 
specific position of the binding moiety. 

In a preferred embodiment, the binding moiety is a molecule that contains no native 
glycoslyations. Such a molecule is artificially glycoslyated, and subsequently oxidized, in order 
to provide an exposed aldehyde for coupling any appropriate cognate molecule or to the dendritic 
tethers of the instant invention. Artificial glycoslyation may be accomplished by any number of 
means well known in the art. For example, polypeptides that have appropriate amino sequences 
can be glycoslyated, under physiological conditions, by native O-linked GlcNac Transferase. 
(See Lubas and Hannover, J. Biol. Chem., 275(15) 2000 10983-10988; Kreppel et al, J. Biol. 
Chem., 272(14) 1997 9308-9315.) 

In a preferred embodiment, a promiscuous variant of O-linked GlcNac Transferase 
(OGT) is employed to glycoslyate the binding moiety of the instant invention. This promiscuous 
variant was created by excising the nucleotides responsible for encoding the substrate-specificity 
domain of a native OGT polypeptide from the coding sequence of the enzyme. Accordingly, a 
wide variety of polypeptides may now be glycosylated which were previously incapable of 
acting as a substrate for the native OGT. Similar to the native OGT, the promiscuous variant 
also has the advantage of glycoslyating its substrate under physiological conditions, thus 
denaturation of the binding moiety is not necessary. Once a binding moiety is glycoslyated by 
the promiscuous OGT variant, it may then be oxidized and coupled to a hydrazide containing 
dendritic tether, or other molecule, as described above. 
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In a preferred embodiment the binding pocket or active site of the binding moiety is not 
the site of glycoslyation. Protection of the binding pocket or active site of the binding moiety 
can be accomplished by a variety of means. For example, the binding moiety may initially be 
bound to a chromatographic substrate comprised of the binding moiety's cognate. While bound 
to the chromatographic substrate, the binding moiety can then be glycoslyated. Such 
glycoslyation thus safely avoids modification of those functional groups necessary for cognate 
binding. The binding moiety may then be separated from the chromatographic substrate by 
methods well known in the art, e.g. increase in ionic concentration, addition of competitive 
binding moieties, etc., and oxidized for coupling. 

In addition, the functional OGT fragment can be used to attach a sugar reside to any free 
hydroxyl group, thus enabling the attachment of two components. For example, moieties with 
free hydroxyl groups (including small molecules and proteins (including polypeptides and 
peptides), chemical species such as polymers, substituted alkyl groups, glycols, etc.) can be 
contacted with a functional OGT fragment to add a sugar, which then can be used as a functional 
moiety for attachment to a second component (again, a small molecule, protein, chemical 
species, etc.). As outlined above, it may be desirable to protect certain hydroxyl groups on the 
first component to prevent the loss of biological activity. Suitable protecting groups are known 
in the art, see Greene, Protecting Groups, supra. 

Atomic Force Microscopy is a powerful tool for detection of ligand/anti-ligand binding 
events. (See, Hinterdofer, et al., "Surface Attachment of Ligands and Recptors for Molecular 
Recognition Force Technology" Colloids and Surfaces B: Biointerfaces, 23 2002 1 15-123.) The 
basic strategy employed in AFM is to first attach a binding mioety to an AFM tip (available 
commercially from producers such as Park, Sunnyvale, CA; or Maclevers, Molecular Imaging, 
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Phoenix, AZ), and a target analyte to a substrate. The tip then proceeds through a force-distance 
cycle, wherein it initially approaches the substrate to allow for ligand/anti-ligand binding 
between the binding moiety and the target analyte. Once sufficient time has elapsed to allow for 
the interaction to occur, the tip is retracted. The retraction continues with increasing force until 
the interaction between the binding moiety and the target analyte is broken. The force necessary 
to break the interaction between the binding moiety and target analyte is termed the "unbinding 
force." Using this strategy it is possible to detect single molecule recognition events, e.g. 
antibody-antigen or sense-antisene DNA interactions. 

The general strategy of AFM can be tailored for specific uses or expanded to incorporate 
other detection means in order generate even more detailed information. For example, by 
varying the dynamics of the experiments (employing Molecular Recognition Force 
Spectroscopy) is possible to gain information relating to the affinity of binding, rate constants, 
and even the bond width of the binding pocket of the immobilized binding moiety. (See 
Hinterdorfer et al., Proc. Natl. Acad. Sci. USA, 93 1996 3477; Hinterdorfer et al., Naobiology, 4 
1998 39; Ros et al, Proc. Natl. Acad. Sci. USA, 95 1998 7402; Schwesinger et al., Proc. Natl. 
Acad. Sci. USA, 97 2000 9972.) Similarly, by employing lateral force mapping, it is possible to 
gather information relating to binding as well as local topography. (See, Ludwig et al., Biophys. 
J. 72 1997 445; Willemsen et al., Biophys. J., 57 1998 2220.) 

Accordingly, preferred embodiments of the instant invention are incorporated into any 
number of general or specifically tailored AFM applications. For example, in a preferred 
embodiment, the biosensor of the instant invention can be an AFM detection system wherein the 
dendritic tether is attached to an AFM tip as the substrate. In such an embodiment, the binding 
moiety attached to the dendritic tether is then brought in sufficient proximity to a surface 
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containing the target analyte to allow for binding to occur. Similarly, lateral force mapping 
could be employed using the dendritic tethers and binding moieties of the instant invention. 

Another analytical too useful in investigating binding interactions on surfaces is surface 
plasmon resonance. (See Lahiri et al., Analytical Chemistry, 71(4) 1999 777-790.) SPR is 
particularly useful in that it allows detection of interactions in real-time. In general, SPR is 
carried out by measuring changes in the refractive index of a medium in close proximity to a thin 
film deposited on a substrate. Specifically, the resonance angle (® m ), which corresponds to the 
angle of minimum intensity of reflected light, can be altered by changes in the refractive index of 
the medium. (See, Raether, H., Physics of Thin Films, Hass et al., Eds. 1977 145-261; Stenberg 
et al., J. Colloid Interface Sci., 143 1991 513-526.) These changes in refractive index are 
initiated by alterations to the local environment, e.g. by anti-ligands binding to ligands attached 
to the surface of the film. Films useful in SPR can be comprised of binding moieties coupled to 
SAM forming organic molecules. In addition, organic compounds containing thiol groups are 
particularly preferred in order to simplify attachement of the film to a substrate. 

In a preferred embodiment the instant invention is incorporated into a SPR detection 
system. For example, the dendritic tethers of the instant invention, with coupled binding 
moieties, are employed as the SAM forming species to create a thin film on a substrate. Target 
samples may then be passed over the substrate and alterations to the resonance angle, due to 
target analyte binding, can be detected. 

A third analytical tool useful in measuring specific ligand/anti-ligand interactions is the 
quartz crystal microbalance. (See, Otto et al., J. Bacteriology, 181(17) 1999 5210-5218; 
Pignataro et al, Biophysical J., 78 2000 487-498.) QCM functions via applying an alternating 
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electric field to a quartz crystal. The alternating field causes a deformation in the quartz crystal 
at its resonant frequency, and this frequency will lower upon increased mass load on the crystal. 
Accordingly, a SAM coupled to binding moieties may be formed on the crystal producing a 
baseline resonant frequency. Upon ligand binding to the binding moieties there would be an 
increase in mass load leading to a detectable change in resonant frequency. 

In a preferred embodiment the instant invention is incorporated into a QCM detection 
system. For example, the dendritic tethers of the instant invention, with coupled binding 
moieties, are employed as the SAM forming species to create a thin film on the quartz crystal 
substrate. Target samples may then be passed over the substrate and alterations to the resonant 
frequencey, due to target analyte binding and increased mass load, can be detected. 

EXAMPLES 

The following is an example of the technology as applied for the detection of Bacillus 
anthracis. As described above, the approach to pathogen detection of the instant application 
could indeed be regarded as universal by coupling of appropriate binding moieties could be 
immobilized to dendrimer SAMs. 

In this example, the binding moiety to be coupled to the dendritic tethers of the instant 
invention is an antibody against a recombinant antibody against anthrax protective antigen (PA), 
a necessary component of anthrax toxin, based on a monoclonal antibody originally developed 
by Dr. S. Leppla (NIAID, NIH). A DNA plasmid containing the gene for this binding moiety 
was obtained from Prof. Georgiou (Univ. Texas - Austin). The recombinant antibody consists of 
a pair of variable regions that specifically recognize PA with high affinity, tied together by a 
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repeating peptide (GlyGlyGlyGlySefh. Standard methods of gene expression allow the 
production large quantities of recombinant antibody protein. 

While recombinant antibodies offer the advantage of high specificity, ease of 
modification, mass production, and small, compact size, the reduced size presents a problem for 
the usual methods of coupling proteins through the aspartate, glutamate or lysine residues located 
in various positions within the molecule. In particular, there is a high probability of 
compromising the antigen-binding site that represents the bulk of the recombinant antibody 
molecule. Even if coupling occured while the binding site was blocked, the reaction would skew 
the orientation of the small recombinant protein and stress the conformation of the binding site, 
thereby reducing its binding efficiency. 

Addition of a sugar to the linker peptide, on the other hand, provides a useful 
functionality (aldehyde by oxidation of the attached sugar) without in any way altering the 
protein itself. To accomplish glycosylation in physiological conditions, so as not to denature the 
protein, an enzyme to transfer a sugar (N-acetyl glucosamine) to one or more of the serine 
residues within the linker peptide was engineered. Oxidative cleavage of the sugar by NaIC>4 
yields an aldehyde-functionalized, active recombinant antibody and provides a clean functional 
group ideally suited for simple coupling to a hydrazide-functionalized dendrimer tether. 
Periodate oxidation of a naturally glycosylated polyclonal antibody has been shown to conserve 
all of the antibody's ability to recognize its target antigen. This process is illustrated in Scheme 
2. The dendrimer-recombinant antibody construct can then be attached to a variety of surface 
types to produce an active SAM for detection of pathogenic agents. 

The recombinant antibody used for anthrax detection (an scFv, molecular weight 27,000 
Da and a larger, better expressed variant) consist of a pair of variable regions comprising the 
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binding site that recognizes the anthrax PA subunit. These domains are linked by a small peptide 
consisting of glycine and serine residues. As there is no sugar on this molecule, and attempts to 
use residues in the variable region would compromise its ability to recognize target antigen, 
glycosylation of the serine residues in the linker is accomplished using a promiscuous 
recombinant O-linked glycosyl transferase enzyme (POGT). 

In order to produce the POGT, the native OGT enzyme gene and its translation product 
were characterized. The native OTG gene was initially inserted into a pET32b vector containing 
an embedded S-Tag sequence (received from Dr. J. Hanover (NIH)), and was subsequently 
inserted into E. coli NovaBlue and the entire gene was DNA-sequenced according to standard 
molecular biology techniques. The plasmid construct was then inserted into a bacterial 
expression host, E. coli BL21(DE3), and protein expression induced by the lactose analog 
isopropylthio-p-D-galactoside (IPTG). Recombinant OGT protein was isolated on an S-Tag 
affinity column, and the enzyme purified on an S-Tag affinity column. Enzymatic activity of the 
native OGT was assayed with N-acetylglucosamine and casein, a protein containing the native 
enzyme's target sequence. N-Acetylglucosamine contains adjacent hydroxyls (C3 and C4) so it 
is susceptible to periodate oxidation, yielding an aldehyde, which is assayed using Purpald 
(Aldrich) in a standard colorimetric assay. In addition, glycosylation of peptides or proteins can 
be confirmed by MALDI (Matrix Assisted Laser Desorption Ionization) mass spectroscopy. The 
presence of an unnatural aldehyde on a peptide or protein is taken as demonstration that 
glycosylation has been successful, since there are no natural aldehyde functional groups in an 
unglycosylated protein, and it is difficult to obtain an aldehyde from an amino acid residue in 
aqueous solution. 
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In order to remove the high substrate specificity associated with OGT, the nuceloties 
encoding the specificity domain were excised from the gene encoding the enzyme. The modified 
protein was then sequenced to verify the modification, expressed, isolated and purified. Excision 
of a portion of the native binding domain renders the enzyme sufficiently promiscuous to 
glycosylate hydroxyl group residues in a wider variety of amino acid sequences. Glycosylation 
of the anti-PA recombinant antibody protein is demonstrated by the colorimetric assay and by 
MALDI. To prevent glycosylation of the antibody's active site, it is reacted with PA 
immobilized on an affinity resin. Once glycosylation has been accomplished, the glycosylated 
recombinant antibody is separated from immobilized antigen in a high-salt buffer and the 
antibody separated from immobilized antigen and enzyme by filtration. Subsequent oxidation of 
the sugar(s) is followed by attachment to a hydrazide-derivatized dendritic tether. Attachment is 
accomplished by allowing the aldehyde-derivatized antibody to react with the hydrazide- 
derivatized tether for six hours at room temperature in solution or, more conveniently, by 
recycling the prepared antibody in situ over a previously prepared dendritic SAM. 
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